We present the Chandra High Energy Transmission Grating Spectrometer (HETGS) and Keck observations of HDE 245059, a young weak-lined T Tauri star (WTTS), member of the pre-main sequence group in the λ Orionis Cluster. Our high spatial resolution, near-infrared observations with Keck reveal that HDE 245059 is in fact a binary separated by 0.
1. INTRODUCTION T Tauri stars (TTS) are optically revealed pre-main sequence stars (PMS) of low mass (M * ∼ 0.2 − 3 M ⊙ ), whose interiors are fully convective and powered principally by gravitational contraction rather than by nuclear reactions. Lowmass PMS stars are classified optically in two types: classical T Tauri stars (CTTS) and weak-lined T Tauri stars (WTTS). The CTTS present strong Hα emission lines, a signature of accretion, and infrared excess, revealing a dusty circumstellar disk. On the other hand, WTTS present weaker Hα emission lines and little or no infrared excess, which is generally interpreted as a sign that active accretion has significantly de-creased and the disk has become optically thin. PMS stars are magnetically active and rotate slowly during the early stages of their evolution and spin up as they contract to the main sequence (Stauffer & Hartmann 1986) . Recent evidence suggests that there is also a population of low-mass PMS stars (0.3 ≤ M/M ⊙ ≤ 1) that seem to contract towards the zero-age main sequence (ZAMS) at constant angular velocity during the first 3-5 Myr after they begin their evolution down the convective tracks (Rebull et al. 2004) , indicating there should be a mechanism extracting angular momentum in these PMS objects. In CTTS the presence of disk and magnetic fields is believed to keep the rotation rate low, while the short rotational period in WTTS may be due to the dispersal of the circumstellar disk. But observational evidence has been sometimes confusing and the relation between accretion and angular momentum loss cannot be assured (Bouvier 2007) .
Both type of stars are strong X-rays emitters that were first detected with the Einstein satellite, e.g. Feigelson & De Campli (1981) and subsequent observations with ROSAT (e.g. Feigelson et al. 1993 , Neuhäuser et al. 1995 . Spectral measurements of X-rays from YSOs reveal emission from continuum and lines from an optically thin plasma. Most of the TTS show variability in X-rays with time scales of minutes to days and can present strong flares.
X-ray spectroscopy of CTTS has shown some evidence that their X-ray emission could be due, at least in part, to accretion shocks on the stellar photosphere (Kastner et al. 2002a ; Stelzer & Schmitt 2004; Schmitt et al. 2005; Günther et al. 2006; Argiroffi et al. 2007) , although some CTTS do not support this mechanism. Their X-ray emission is believed to be coronal Güdel & Telleschi 2007; Smith et al. 2005) . A X-ray soft excess in CTTS is, however, reported compared to WTTS (Telleschi et al. 2007a ). X-rays in WTTS are thought to originate only from magnetic activity similar to main-sequence magnetically active stars, albeit at much higher levels.
The low level of accretion in WTTS makes them the bestsuited objects to study the magnetic activity in PMS stars, and the impact of stellar flares and X-rays onto their optically thin disks and their planets (Lammer et al. 2003; Lammer et al. 2006; Smith & Scalo 2007) .
WTTS show strong X-ray and non-thermal radio emissions (Skinner 1993; Feigelson & Montmerle 1999 ). Compared to zero-age main sequence stars, their X-ray luminosities are very high (10 28.5 − 10 31 erg s −1 ), but they typically show L X /L bol ≈ 10 −4 . WTTS display very high coronal temperatures (Skinner et al. 1997; Tsuboi et al. 1998 ), X-ray flares with temperatures of a few tens of MK are frequently seen, e.g., Tsuboi et al. (1998) ; Stelzer et al. (2000) . Thanks to the Chandra X-ray Observatory (CXO) and the X-ray MultiMirror Mission (XMM -Newton), observations of PMS stars such as the WTTS HDE 245059 can provide a better understanding of magnetic activity and its evolution, allowing to resolve individual spectral lines and to get improved diagnostics of the plasma properties.
CTTS and WTTS show similar ages and are found in the same area of the Hertzsprung-Russell diagram; why are they different then? The environment might be an interesting cause of the different properties. For example, a supernova explosion can clear away material, leading to the loss of the disks in some young stars (Dolan & Mathieu 1999 , 2001 , 2002 . The presence of a massive star can also disperse the young circumstellar disks by photoevaporation due to UV radiation. On the other hand, the above cannot hold for low-mass star forming regions, such as Taurus. However, understanding the effect of environment onto young stars could give clues about the mechanism leading to the differentiation between CTTS and WTTS.
The main goals that we address in this work are: i) to obtain the plasma properties; temperatures, abundances, X-ray luminosity of the WTTS HDE 245059 located in the λ Ori star forming region, ii) to obtain fluxes from individual lines, iii) to derive age and masses of the system based on NIRSPEC data.
THE HDE 245059 SYSTEM
The young binary HDE 245059 is a member of the λ Ori cluster, a star forming region located at d = 400 ± 40 pc (Murdin & Penston 1977) . The λ Ori cluster or Collinder 69 includes the O star λ 1 Orionis, spectral type O8 III (Barrado y Navascués et al. 2007 ). The star is near the center of the region which is believed to be the remnant of a supernova that exploded about 1 -2 Myr ago. This explosion might have cleared out the region, leaving a ring of molecular gas surrounding λ 1 Orionis (Dolan & Mathieu 1999 , 2001 , 2002 . Star formation is, however, still active at the edges of the molecular ring.
The λ Ori region is also populated by faint PMS stars and has been studied at different wavelengths; radio, infrared, visible, UV ( Maddalena & Morris (1987) argued that the observed CO emission from transition J = 1 → 0 together with UV, optical, IR, and 21 cm data of the surrounding molecular clouds indicates that the ring centered on λ 1 Orionis is actually the remnant of a preexisting cloud. Dolan & Mathieu (1999 , 201, 2002 have studied the region and attempted to deduce its history. According to the authors, about 6 Myr ago the star formation process started in the most massive clouds of the region giving birth to several OB stars. This process increased gradually until approximately 1 Myr ago when a supernova exploded disrupting the central region and decreasing the star formation rate, yet not stopping it completely.
Our target (λ Ori X-1) was discovered in the X-rays with the Einstein Observatory during observations of the region centered at λ 1 Orionis. The photometric and astrometric study of the region shows evidence that our X-ray source is in fact member of the association. HDE 245059 shows a strong absorption in the Li (6707 Å) line, an indicator of youth (Alcalá et al. 2000) . Fernández et al. (1995) has measured the equivalent width of the Hα emission line for HDE 245059, W(Hα) = 0.37 Å, indicating that the star is a WTTS. The star has a spectral type K1, its X-ray luminosity is high, log L X = 31.7 ergs s −1 (Stone & Taam 1985) . Based on comparison with evolutionary model isochrones, Stone & Taam (1985) estimated a mass and age of M = 2 − 3 M ⊙ and t ∼ 1 − 4 Myr. More recent isochrones, e.g those by Siess et al. (2000) might, however, change the above estimates (see below, Section 5.1). Skinner et al. (1991) obtained an upper limit estimate for the disk mass around HDE 245059 of 0.32 M ⊙ based on the 1.1 mm continuum emission. Padgett (1996) obtained the effective temperature of HDE 245059, T eff = 5410±110 K, and an estimate of the photospheric iron abundance, [Fe/H]= −0.07 ± 0.13. Our target is a fast rotator (v sin i ∼ 25 km s −1 ), which in general is a sign of stellar youth or binaries of spectral types G and K (Fekel 1997) . The studies of Fekel (1997) in the optical, and Alcalá et al. (2000) in the X-ray did not find evidence of radial velocity variability, an indication that HDE 245059 is not a spectroscopic binary. However, our high spatial resolution near-infrared observations with Keck indicate that it is, in fact, a spatially separated binary (see Section 3.1). (Wizinowich et al. 2000) on the 10m Keck II telescope. The imaging camera within NIRSPEC offers a pixel scale of 0.
′′ 0168±0. ′′ 0001 and an absolute orientation of 1.
• 1±0.
• 8 as determined from observations of calibration binaries and of a reference field in the Orion Trapezium. HDE 245059 was used as the adaptive optics guide star with the wavefront sensor running at a frequency of 488Hz, resulting in good correction (Strehl ratios of 43 and 19% at 2.2 and 1.6 µm, respectively). We acquired images of the system with the broadband K (λ 0 = 2.20 µm, ∆λ = 0.39 µm) and NIRSPEC-5 (λ 0 = 1.61 µm, ∆λ = 0.40 µm, a close analog to the usual H filter) filters as well as with the narrow band Brγ filter (λ 0 = 2.165 µm, ∆λ = 0.02 µm). In each filter, a series of short exposures were coadded at four successive positions on the detector. The total integration times were 40s, 4s and 20s with the K, H and Brγ filters, respectively. For each filter, the four independent images were medianed to create a sky that was subtracted from each image. The images were then corrected for flat-field effects and cosmetically cleaned. The images were then realigned and averaged to produce the final images. Relative astrometry and photometry was obtained using the DAOPHOT package. The astrometric results from all three filters were finally averaged to reduce random uncertainties.
The near-infrared images resolved HDE 245059 into a binary. Figure 1 shows the near-infrared Keck adaptive optics images of HDE 245059 with the three filters. The northern component is brighter in all images. The projected separation and uncertainty is 0.
′′ 866 ± 0.
′′ 005 and the position angle, measured East from North is 150.
• 0±1.
• 0. The final astrometric uncertainties are dominated by the absolute calibration uncertainties of the detector. We measured magnitude differences of 0.98 mag, 0.88 mag and 0.86 mag with the H, K, and Brγ filters respectively (with typical uncertainties of 0.03 mag). These differences suggest that both components have similar broadband colors. The short time interval between the observations allowed similar roll angles: 308.
• 5 for the first two and 294.
• 8 for the last one.
Both components of the binary were detected in the zeroth order image. The binary orientation was close to the dispersion direction of the Chandra MEG arm. Choosing the origin of the wavelength system between the two stars we were able to separate them in the grating spectra despite the small separation.
CHANDRA DATA REDUCTION AND ANALYSIS
The data of the HETGS observations were reduced from level 1 event files with the Chandra Interaction Analysis of Observations software, CIAO 3.4, using the calibration database, CALDB 3.3.0.1, and following standard procedures to obtain a type 2 event file. We removed streak events which affect significantly ACIS-S4 (CCD ID=8).
Zeroth Order Images
For the zeroth order images we used the subpixel event repositionary (SER) algorithm in order to improve spatial resolution (Tsunemi et al. 2001; Li et al. 2003 Li et al. , 2004 . When an X-ray photon hits the detector, the charge cloud created can either be spread into neighbouring pixels (called split pixel event) or remains in a single pixel (called single pixel event). Positions are determined with higher accuracy in the case of a split pixel event, however these events represent only a small fraction of the total events. The SER technique uses both single pixel events and 2 pixel split events to increase the statistics. When applied to the ACIS observations the SER technique reduces the uncertainties in the determination of the photon impact position improving the spatial resolution. The improvement in FWHM is typically between 40 to 70 %.
The zeroth order images of HDE 245059 for each observation epoch are displayed in Figure 2 . A flare from the south component is visible in the first observation epoch (first panel). The summed zeroth order image over all the observation runs, Figure 2 last panel, clearly shows the two components, the north component being on average the brighter one. Figure 3 shows the light curves of the zeroth order data for the 3 observation epochs. The light curves were extracted from the data treated with the SER algorithm using a 2.
Light Curves
′′ 1 radius for the binary and 0.
′′ 4 radius for each component, thus, the sum of the lightcurves of both components do not match the binary lightcurve. During the first observation epoch, a flare is detected from the south star, starting approximately 6 ks after the beginning of the observation. The flare lasted for nearly 6 ks, peaking 1.5 ks after its start with 0.06 cts s −1 , roughly 5 times higher than the southern star average count rate for the first observation epoch.
We have also included the hardness ratio for the first observation epoch as an inserted figure in the lightcurve plot (Figure 3 top panel). The hardness ratio was calculated using the expression H/S, where the soft band (S) was taken in the range from 0.3 to 2 keV and the hard band (H) was taken in the range from 2 to 10 keV.
Spectra

Binary Components
Thanks to the spatial resolution of Chandra we have separated the components of the HDE 245059 binary in the zeroth order spectrum. The spectrum was extracted after merging the event files from the three observation epochs following standard CIAO procedures, using a circular region of radius 0.
′′ 4 for each star. The background was extracted from an annular region with radii of 4.
′′ 6 and 21. ′′ We have considered events within the range 0.2 − 7 keV, where most of the signal is concentrated. We have obtained the spectra for the quiescent state for each component.
In Figure 4 we have plotted the spectra and overlaid the best-fit model for each star. The northern star spectrum shows a higher signal with respect to the southern companion, which is consistent with the results from the zeroth order image.
We have fitted the individual spectra of the binary components obtained from the zeroth order data (see Table 1 ) using XSPEC version 11 (Arnaud 1996) , and a discrete emission measure distribution (EMD). The hydrogen column density and abundances were fixed to the zeroth order plus grat- ing best-fit values (discussed in section 4.3.3). For the north component we have fitted a 3-T plasma, with temperatures in the range between 6 and 40 MK. The emission is dominated by the softer plasma with temperatures in the range between 6 and 13 MK. The average temperature was defined as log T av = (Σ i log T i × EM i )/EM total , leading to T av = 11.3 MK. The upper limit for the component at 40 MK was not well constrained.
For the southern star we could not fit the soft component at 6 MK that was obtained for northern star. We have found a 2-T plasma with temperatures 8 and 34 MK, the emission is dominated by the plasma at 8 MK. Again in this case, the upper limit for the highest temperature (34 MK) was not well constrained. The average temperature was 12.2 MK, slightly higher than the average of the northern star.
We remark that the sum of the emission measures, as well as the luminosity, obtained for both components of the binary does not match the value of the total emission measure found in our fits to the combined spectrum of the binary (see 4.3.3) due to the different extraction radii used for the binary and their components. We have overlaid the best-fit model (see Table 1 ) as a solid histogram.
Flare
To analyze the spectrum from the southern star during the flare we have extracted only the zeroth order spectrum, since we do not have enough signal in the gratings. We have fitted a multi-T model leaving the photoelectric absorption component, abundances and temperatures fixed to the values from the best-fit to the quiescent state of the southern star. We have then added an extra temperature component for which we have left only the emission measure and temperature free to vary. We could not add more than one temperature component to our model, probably due to the low signal obtained.
Our fit shows that the flare emission is dominated by a plasma at ∼ 30 MK (see Table 2 ). The luminosity during the flare increases to 7.6 × 10 30 erg s −1 , which is a factor of five higher than the luminosity of the quiescent state. The high temperature found during the flare is also present in the quiescent state, indicating that the variable component during the flare originates mainly in the hotter part of the emission measure distribution.
HDE 245059 Binary
The combined zeroth order CCD spectrum of HDE 245059 was extracted after merging the event files from the three observation epochs following standard CIAO procedures. This was possible thanks to the similar pointing and setup between the observations. We have used a circular region with 3.
′′ 9 radius. The background was extracted from an annular region with radii of 4.
′′ 6 and 21. ′′ We considered events at energies within the range 0.2 − 7 keV.
The grating spectra of the HDE 245059 binary were extracted for both the HEG (High Energy Grating, 0.8 -10 keV) and MEG (Medium Energy Grating, 0.4 -5 keV) orders ±1.
We have selected the wavelength range to 2.8 − 25 and 1.8 − 17.3 Å for MEG and HEG, respectively. The spectra were binned by a factor 3 in wavelength, in particular to sum the contribution of both stars in the MEG spectra (since both stars are aligned with the dispersion direction). The respective spectral responses were generated using standard CIAO tools. The spectra of all the observation epochs were then merged using the CIAO procedure merge_all. In Figure 5 we show the binary grating spectrum for MEG and HEG first orders. We have labeled some important emission lines.
We have analyzed the spectrum of the binary HDE 245059 during the quiescent state using the combination of the zeroth order spectrum plus the grating spectrum from HEG order 1, and MEG order 1. For the fits we have used three methods: a multi-T component model as a discretization of the EMD, a continuous EMD form Chebychev polynomials, and a continuous EMD approximated by two power laws. For the three methods we have obtained abundances, emission measures, and an estimate of the photoelectric absorption component parameterized by the hydrogen column density. In all cases we have used the combination of the summed zeroth order, HEG±1 and MEG±1 spectra.
Method 1: Discrete Emission Measure Distribution with a Multi-temperature Model
This method uses a discretization of the EMD by a multitemperature VAPEC model, which calculates both line and continuum emissivities for a hot, optically thin plasma. We have combined this model with a photoelectric absorption component (WABS), parametrized by the neutral hydrogen column density N H . Reference abundances were set to solar photospheric values (Grevesse & Sauval 1998) . We have used several isothermal components for the plasma emission. A 4-temperature plasma model gave the best fit compared to models with additional or fewer plasma components. Our results are summarized in Table 3 . All the values are displayed with their respective errors calculated for a confidence range of 68%. We have found a plasma between 4 and 50 MK. The average temperature was defined as log T av = (Σ i log T i × EM i )/EM total , leading to T av = 10.7 MK. The value of the hydrogen column is very low, N H = 8×10 19 cm −2 , corresponding to A V = 0.04 mag, which is consistent with the 2MASS colors of the binary (J − K = 0.6) and with photospheric colors of early K type stars. We remark that the results obtained from the fit to the quiescent state are not different from the results obtained from fitting the total average spectrum (considering also the flare).
The best-fit model overlaid to the HEG±1 and MEG±1 data for the quiescent state are shown in Figure 5 . The brightest line detected is Ne X Lyα at 12.13 Å. Significant emission comes also from O VIII Lyα at 18.97 Å, Ne X Lyβ at 10.23 Å. Interestingly there is no detection of O VII or N VII despite the low N H . Lines from highly ionized states of Fe XVII to Fe XXIV confirm the presence of a wide range of plasma temperatures revealed by our fits.
Method 2: Continuous EMD from Chebyshev Polynomials
The differential EMD ϕ(T ) is given by
where the total EM is given by EM tot = ϕ(T )T ∆logT = ϕ(T )T d(lnT ). A graphical representation of the EMD independent of the grid bin size (∆logT ) is given by EMD(T )/∆logT . This method assumes that the shape of ϕ(T ) can be approximated by the exponential of a polynomial given by ϕ(T ) = αe ω(T ) , where α is a normalization constant and ω(T ) is a polynomial function of the temperature, which we have chosen to be a Chebyshev polynomial (see Lemen et al. 1989 , Audard et al. 2004 .
Our model uses a grid of temperatures in the range logT (K) = 8 − 10 with ∆logT = 0.2 dex for a polynomial degree of n = 8 which gives the optimal fit. Coronal abundances and the photoelectric absorption were left free to vary. The results obtained with this method are displayed in Table 4 .
Method 3: Continuous EMD approximated by two power laws
This method is based on a continuous EMD described by two power laws; one at low temperatures with slope α, and one at high temperatures with slope β (see Telleschi et al. 2007b ). The EMD peaks at the temperature T 0 which also represents the limit between the two regimes.
The normalization parameter is defined as the EM in the temperature bin at T 0 . The free parameters are: T 0 , EM 0 , α, β, N H , and the elemental abundances. We have used 2 approximations; first leaving α and β free to vary, and after fixing the value of α = 2 leaving β free to vary. The value α = 2 is usually found in magnetically active main-sequence and premain sequence stars. ∆logT =0.1 dex was set in both cases. The results are presented in Table 5 .
In Figure 6 we have plotted the EMD of the binary obtained by the different methods applied. In order to compare them we have used the quantity EMD(T )/∆logT which is independent of the bin size. The total volume emission measure obtained from the different methods are similar: 7.3 for method 1, 7.1 for method 2, 7.5 for method 3 α fixed and β free, and 7.3 for method 3 with α and β free (all values are in units of 10 54 cm −3 ).
Ftting
Electron Densities
We have obtained the fluxes of the density sensitive He-like triplets Si XIII, Mg XI, and Ne IX from the binary grating spectrum (HEG and MEG first order). The first step was to fit the continuum to get an estimate of the plasma temperature. We used a bremsstrahlung model, taking the spectrum without the contribution of the bright lines and considering the wavelength range between 1.2 and 40 Å. We have obtained a plasma temperature of 12.4 ± 0.3, MK close to the average temperature found in our previous best-fit of the grating plus zeroth order spectrum. To fit the triplet lines (resonance (r), intercombination (i), and forbidden ( f )) we used the combination of delta functions for the line profiles and the above mentioned bremsstrahlung model for the continuum. We have fixed the continuum parameters and fitted the triplets only in the wavelength range of interest. The only free parameters in our fits were the line fluxes, since the wavelength of each line was fixed. Since the Ne IX triplet is blended with Fe XIX, we added a delta profile to consider this blend. The results are summarized in Table 6 . In Figure 7 we have plotted the three triplets for the MEG first order spectrum including the delta profiles used to fit the lines. Based on theoretical models (Porquet et al. 2001) , using the R = f /i ratio and the temperature of the emitting plasma we have obtained an estimate of the plasma electron density. We have calculated the densities using confidence levels of 68 and 90% (see Table 7 ). For the 68 % confidence level, we have obtained n e = 5±5×10 11 cm −3 from the Ne IX triplet, n e = 1 +3 −0.5 ×10 13 cm −3
from Mg XI, and n e < 5 × 10 13 cm −3 from Si XIII, which is consistent with the low density plasma. For the 90 % confidence level, we have obtained n e =< 2.0 × 10 12 cm −3 from the Ne IX triplet, n e = 1 +6 −0.8 × 10 13 cm −3 from Mg XI, and n e < 3 × 10 14 cm −3 from Si XIII. Therefore, we prefer to err on the safe side and conclude that there is no evidence of high densities in HDE 245059.
Lines fluxes from each binary component
We have also attempted to obtain individual fluxes from several lines for each component of the binary. We have used only the first order spectra of MEG because of the higher signal to noise, and because the binary was aligned along the MEG dispertion direction, allowing us to disentangle the two components in wavelength space. The spectrum was reextracted using a bin size of 0.015 Å. To fit the single lines we used the method described in section 4.4.1; a combination of a delta function for the line profile and the bremsstrahlung model for the continuum. The fits to the MEG+1 and MEG−1 data were made simultaneously because the shift of the lines will occur in opposite directions from the origin of the reference wavelength. For each line we considered only the instrumental profile, therefore we had 4 delta profiles: 2 for the MEG+1, northern and southern star and the same for the MEG−1. From the grating equation, we calculated the shift of the lines. The line shifts were smaller than the line spread function full width at half maximum (FWHM), with a typical separation of 17 mÅ. To fit the lines, we fixed the energy at which they were expected to be found, leaving only the fluxes free to vary. Besides, the fluxes from each star were linked for MEG+1 and MEG−1. The fits thus considered 2 free parameters: the flux of the line from each star. The calculations were made whenever the signal for a given element was high enough; we have then obtained fluxes for O VIII Lyα, Ne X Lyα, Ne X Lyβ, and Mg XII Lyα. For the He-like triplets the signal was too low, thus we did not obtain fluxes for the single binary components. The results are displayed in Table 8 , in Figure 8 we have plotted the line profiles for the full resolution grating MEG±1 data.
5. DISCUSION 
Environment and Binarity
The absence of a disk in the WTTS HDE 245059 members despite their young age might be closely related to the environment where this young binary has been formed. The evolution of the region around λ Ori has been discussed in detail (Dolan & Mathieu 1999 , 2001 , 2002 -He-like triplets in the grating spectra. We have plotted the MEG spectrum of the binary and in histogram the delta profiles used to fit the resonance (r), intercombination (i), and forbidden ( f ) lines. For Ne IX we have also added the blend with Fe XIX. 2001, 2002) presented the hypothesis of a supernova explosion that cleared out the region about 1 Myr ago leaving a molecular ring. During the phase prior to the supernova explosion the stars in the cluster would have been confined in a small region and the circumstellar disks cleared away by photo-evaporation. This hypothesis is supported by the small fraction of CTTS in the region, ∼ 7 % (Dolan & Mathieu 1999) , which is low when compared with clusters with similar properties. Barrado y Navascués et al. (2007) have studied the members of the λ Ori with the Spitzer satellite, finding a 31% of members with disks in λ Ori, but only 14% with thick disks. According to this study, the presence of CTTS near the center of the cluster would suggest that massive stars and the supernova explosion had no major effect on the disks, or that they have been formed after the explosion. Recent high resolution optical spectroscopy of the λ Ori cluster (Sacco et al. 2008 ) has given a fraction of stars with disks of 28%, higher than the previous studies. Our new estimates of the properties of the HDE 245059 binary (see section 5.2) give an age of ≈ 2 − 3 Myr: at this age the binary would have experienced the supernova explosion, according to Dolan & Mathieu (1999 , 2001 , 2002 hypothesis. Another aspect to be considered is the influence of binarity in the disk truncation. This hypothesis has been discussed by Kraus et al. (2008) , who presented recent results showing that several of the young stars without disks in a survey of nearby star-forming regions are close binaries.
Stellar properties
The discovery of the binarity of HD 245059 prompts us to re-evaluate the stellar properties of the system. The few physical properties; mass, age, spectral type, and effective temperature were previously obtained under the assumption of a single star (Padgett 1996; Stone & Taam 1985) . Our nearinfrared and X-ray data have been the first to separate it into a binary. The question that arises immediately is how different the properties of the HDE 245059 members are. The magnitude differences from the near-infrared images in the H, K, and Brγ bands suggest that both components have similar colors, but the northern star is brighter in both near-infrared and X-ray images, which might indicate that is the more massive of the system. Throughout this analysis, we assume a distance of 400 pc to the system. We further assume that the flux we receive from each component can be entirely attributed to the stellar photosphere, without contribution from accretion for instance, in line with the WTTS status of the system.
In a first approach, the absolute near-infrared magnitudes of each component can be used to estimate its main properties (mass and age). Combining the unresolved 2MASS photometry of the system with our new H and K band flux ratios, we determine absolute magnitudes of M H = −0.07 and M K = −0.20 for the primary and M H = +0.91 and M K = +0.68 for the secondary 10 . Such absolute magnitudes are too bright for solar-like stars even at ages as young as 1 Myr, based on the stellar evolutionary models of Baraffe et al. (1998) and Siess et al. (2000) . To explore higher-mass regimes, we adopt the models of Siess et al. (2000) which extend up to 7 M ⊙ . Based on this model, for ages of 4 Myr or more, only B-type stars reach the observed brightness of HD 245059 north and south. At 3 Myr, at least the primary would have to be a B star. Since this can be confidently excluded from the spectral FIG. 8.-The plot shows the Mg XII Lyα, Ne X Lyα, Ne X Lyβ, and O VIII Lyα lines for the grating data. In solid line the MEG-1 and in dashed line the MEG+1. The line were modeled with a bremsstrahlung plus a gaussian model taking into account the contribution of both stars. We considered the profiles to be purely instrumental.
analysis of Padgett (1996) , we conclude that the system is no older than 2 Myr. Assuming stellar ages in the 1-2 Myr range (since star formation appears to have ceased about 1 Myr ago, see e.g. Dolan & Mathieu (2001) ), a primary of 2.5-3.5 M ⊙ and a secondary of 2-3 M ⊙ would match the observed nearinfrared magnitudes of the two components.
To improve on this estimate and take advantage of a broader dataset, we perform a fit to the optical and infrared SED of the system. For this purpose, we use the unresolved UBV photometry from Stone & Taam (1985) , the unresolved J magnitude from 2MASS, the spatially resolved photometry derived above and the 3.6, 4.8, 5.6 and 8 µm unresolved IRAC photometry determined from archival images and using default recipes for aperture correction around point sources. This represent a total of 12 independent measurements. We used a grid of NextGen stellar spectra from Baraffe et al. (1998) with log g = 4.0 (our results are largely insensitive to the assumed surface gravity). We used 5 free parameters in our model: the stellar effective temperatures T eff (N) and T eff (S), the stellar radii R N and R S , and the extinction A V . To ensure that we did not miss the best possible solution, we conservatively allowed for wide ranges of initial guesses (4600-7600 K for T eff (N), 2400-7000 K for T eff (S), 3.5-6 R ⊙ for R N , 2-9 R ⊙ for R S and 0-1.5 mag for A V ). In this procedure, we do not use information from evolutionary models as prior and only require that T eff (S) ≤ T eff (N). Overall, we tested about 5 million independent combinations of the 5 free parameters, estimating a reduced χ 2 value for each model. We then used a Bayesian inference method to explore the parameter space: each model in the grid is assigned a probability p = e −χ 2 /2 , and 1-and 2-dimensional probability distributions for individual and pairs of free parameters are then produced by marginalizing the hypercube against the other dimension.
Using the mode of each 1-dimensional probability distribution and defining a 68% confidence level interval around it, we infer T eff (N) = 5850 Figure 9 , there is a substantial ambiguity between T eff (S) and R S due to the fact that we only have 2 measurements that directly constrain the secondary. A cool but large secondary fits equally well the data than a warmer and more compact star. This correlation between the stellar parameters also explains the difference between the absolute best model (i.e., lowest χ 2 ) and the most probable stellar parameters based on the 1-dimensional probability distributions. Both estimates nonetheless agree within the uncertainty, although we prefer to use the 2-dimensional probability distributions to estimate the stellar properties.
The final step in this analysis consists in overplotting the predictions of the Siess et al. (2000) evolutionary models. We note that both the stellar luminosity and radius are direct output of these models so this is a natural set of parameters to compare model and data. We overplot in Figure 9 the 1, 2, 3 and 5 Myr isochrones and readily conclude that the primary star is most likely ≈ 2 Myr-old. Similar to the conclusion based solely on the near-infrared magnitudes, stellar ages beyond 3 Myr can be confidently excluded. While the best fit to the secondary suggests an age even younger than 1 Myr, the 2 Myr isochrone does intercept the 68 % confidence level contour. Using 6000 K and 5 R ⊙ (equivalently, 29 L ⊙ ) for the primary, interpolation in the Siess et al. (2000) model yields a stellar mass of 2.7 M ⊙ and an age of 2.7 Myr. From the extent of the 68% confidence level contour, we estimate uncertainties of 0.5 M ⊙ and 1 Myr. Based on the 2.7 Myr best-fitting age, we further infer M S = 2.3-2.4 M ⊙ .
While relatively large uncertainties remain due to the limited number of resolved photometric measurements of the system, we conclude that the stellar masses are ≈ 3 M ⊙ and ≈ 2.5 M ⊙ and the age of the system is ≈ 3 Myr. High spatial resolution optical data, which are currently unavailable for the system, would greatly improve the accuracy on these parameters. Nonetheless, we consider that this is a significant improvement over the previous estimates that did not take into account the fact that the system is indeed a binary. As a final note regarding the stellar properties, we note that the age of HD 245059 is younger than the average age of other members of the λ Ori association but also consistent with that of the youngest systems in the associations.
FIG. 9.-Estimated stellar radii and effective temperatures based on our fit to the SED. Solid and dotted contours represent the 68.3, 95.5 and 99.7% confidence levels for the primary and secondary, respectively. Filled diamonds indicate the best fitting stellar models in our grid (corresponding to A V = 0.7 mag). Open diamonds represent the most probable models from the mode of the 1-dimensional probability distributions in our Bayesian approach; associated uncertainties represent the 68.3% confidence level intervals around these models. From top to bottom, the dashed lines represent the 1, 2, 3 and 5 Myr isochrones from the evolutionary model of (Siess et al. 2000) . The available dataset is consistent with a 2-3 Myr age for the system (see text for more detail).
Spectral X-ray Properties
The fits to the high-resolution grating spectroscopy data have revealed that both stars have similar spectral properties and emission measure distributions. Indeed, the spectra of the single components are consistent with the average spectrum of the binary. The similar temperatures of both stars allowed us to fit easily the grating spectra together.
We do not detect the oxygen triplet in HDE 245059, either in the average or in the single spectra, despite the low N H value. This triplet is used as an electron density indicator in the cool plasma component, expected to be present in the spectra of accreting stars. On the other hand we do find a soft plasma component at 3.8 MK in the average spectrum: the He-like triplet of Ne IX was detected with low signal to noise and it was found to be blended with the Fe XIX line. We also detect emission from Fe XVII blended with other lines.
We have estimated an upper limit flux for the O VII triplet (see Table 6 ) at 2 confidence levels: 68 % and 90 % for the average binary spectrum.
In order to determine the nature of our non-detection of the O VII triplet, we have fitted some single lines for the combined spectrum of the HDE 245059 binary: O VIII Lyα, Ne IX, Ne X Lyα, and Fe XVII at 15 Å (Table 6 ). We have compared the results with the observed line fluxes of 3 young active stars: 47 Cas B, EK Dra (Telleschi et al. 2005) and AB Dor (García-Alvarez et al. 2008) . We have found the line fluxes of the HDE 245059 binary to be about a factor of 100 larger than the fluxes of the comparison stars. Using this ratio for the O VII resonance line at 90% confidence level, our upper limit for HDE 245059, < 2 × 10 −14 (ergs cm −2 s −1 ), remains close to what could have been expected based on the comparison stars. We conclude that the non-detection of the O VII triplet is probably due to a lack of sensitivity around 22 Å.
Observations of the Sun show that abundances are related to the first ionization potential (FIP) of the elements in such a way that elements with low FIP (≤ 10 eV) are overabundant in the solar corona when compared to the photosphere and high FIP elements (≥ 10 eV) have similar abundances in the corona and the photosphere (Feldman 1992) . Observations of young, magnetically active stars show that the FIP effect is inversed with respect to the Sun, i.e. low FIP elements are underabundant in the stellar coronae relative to elements with high FIP (Brinkman et al. 2001; Audard et al. 2003) . Figure 10 shows the coronal abundances with respect to the solar photospheric values for our binary plotted against the FIP. The abundances follow the trend of an inverse FIP effect, except for the Ca abundance which has a higher value, but we recall that the uncertainty in Ca abundance from our results is also high. FIG. 10 .-Coronal abundances with respect to the solar photospheric values, obtained by fitting the combined zeroth order, HEG, and MEG data of the binary. The plot shows the best-fit values using 4 isothermal plasma components plus interstellar absorption. We see evidence of an inverse FIP effect A common problem found in the studies of the coronal element abundance is the lack of measurements of the stellar photospheric abundances, as they are difficult to obtain due to the large rotational velocity of magnetically active stars. Furthermore, a good knowledge of the stellar parameters and atmospheric models are also needed. To sort out this problem, the stellar photospheric abundances are used as a reference set. In the case of HDE 245059 Padgett (1996) obtained the photospheric iron abundance [Fe/H] = −0.07 ± 0.13 using as reference set the solar photospheric abundances from Grevesse (1984) . Using the revised reference set of Grevesse & Sauval (1998) , the stellar photospheric abundance is [Fe/H] = +0.10. Our coronal abundances have been obtained from the best fit to the zeroth order, MEG±1, and HEG±1 using as reference set the solar photospheric values from Grevesse & Sauval (1998 We have obtained the Chandra high resolution spectrum for HDE 245059. Thanks to our X-ray and near-infrared data we have resolved this X-ray luminous WTTS to be a binary. We have attempted to get an estimate of the properties of the single components of the HDE 245059 binary based in the combination of the infrared magnitude differences, evolutionary models and SED determination. Our analysis gave a system of ≈ 2 − 3 Myr with masses M N ≈ 3M ⊙ and M S ≈ 2.5M ⊙ , rather high values for low-mass pre-main sequence stars. This is the first attempt to constrain the binary component masses, further studies are needed to obtain more accurate estimates.
In the X-rays we were able to resolve both binary components in the zeroth order image and in the grating spectra. We have analyzed the zeroth order spectrum for each component of the binary using a multi-T plasma model. For the northern star we have found a temperature between ∼ 6 to ∼ 40 MK, the dominating component being a plasma between ∼ 6 and ∼ 13 MK. For the southern star, we have found temperatures between ∼ 8 and ∼ 34 MK.
During our observations, split in three runs, we have detected a flare from the southern star, the fainter of the system in average. An analysis of the zeroth order spectrum of this star during the flare has gave a plasma with a temperature of ∼ 30 MK, consistent with the high temperature component obtained for the quiescent state, and a luminosity higher by a factor of ∼ 5 when compared with the quiescent state.
We have derived the properties of the plasma from the combined zeroth order, MEG±1, and HEG±1 data for the binary during the quiescent state. We have analyzed the spectrum using 3 methods: a continuous emission measure distribution from Chebyshev polynomials, a continuous emission measure distribution approximated by two power laws, and the classical discretization of the emission measure distribution by a multi-T optically thin plasma model. The three methods are consistent and we have found the emission to be dominated by a plasma in the temperature range 8 -16 MK, with a low value for the column density, N H = 8 × 10 19 cm −2 . The low N H might be due to the clearing of the inner region of λ Ori due to a supernova event. The X-ray luminosity of the binary is high, L X ∼ 10 31 ergs s −1 . The abundance pattern shows an inverse FIP effect, except for Ca which could not be well constrained by our fits. This result was confirmed for Fe by comparison of the coronal abundance from this work with the photospheric value from Padgett (1996) . Despite the low N H , we did not detect the density sensitive O VII triplet, but we did obtain an estimate of the flux upper limit for this triplet from the binary grating NOTE. -We have included an absorption model with the value of the column density fixed to the best fit model to the quiescent state for the combined zeroth order plus grating spectra of the binary. spectrum. We have compared the fluxes obtained from our fits to O VIII, Ne IX, Ne X, and Fe XVII with observed fluxes of three active stars. Our upper limit flux for the O VII triplet is consistent with the flux differences when compared with the active stars. Based on the 90% confidence range, we have obtained upper limits to the plasma electron densities from Helike triplets; n e < 2 × 10 12 cm −3 for Ne IX, < 6 × 10 13 cm −3
for Mg XI, and < 3 × 10 14 cm −3 for Si XIII. According to our analysis, the properties of the HDE 245059 binary in the X-rays are similar to what is observed in other WTTS. Its accretion history might have been affected by the clearing of the region surrounding λ Ori, probably by a supernova explosion, but its coronal properties have not been strongly modified.
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-Single line fluxes and He-like triplets obtained from the model of the MEG±1 and HEG±1 data using the combination of a bremsstrahlung model for the continuum and delta profiles for the lines. For the O VII triplet we include the flux estimate at 2 confidence levels; 68% and 90%. In the case of Ne IX we have also added a delta profile for Fe XIX which is blended with the Ne line. The fluxes are not corrected for the absorption column density. R ne (cm −3 ) Ne IX 2.0 ± 0.8 5 ± 5 × 10 11 2.0 ± 1.1 < 2 × 10 12 Mg XI 1.4 ± 0.6 1 +3 −0.5 × 10 13 1.4 ± 1.0 1 +6 −0.8 × 10 13 Si XIII 2.3 ± 0.9 < 5 × 10 13 2.3 ± 1.6 < 3 × 10 14 NOTE. -Line flux ratios R = f /i and electron densities derived from the He-like triplets. Calculations were made for the grating spectrum of the binary (HEG and MEG first order) at two confidence levels, 68% and %90. See section 4.4.1 for discussion. NOTE. -Single line flux obtained for each star of the binary from the model of the MEG±1 data using the combination of a bremsstrahlung model for the continuum and a delta function for the line profiles. The fluxes are not corrected for the absorption column density.
